Abstract
efficiency was also attempted.
23
In general, it was observed that the presence of Au or Pt on TiO 2 enhances the Patent blue V 24 photodegradation; it was found that noble metal particle size and distribution on TiO 2 surface are 25 important factors influencing the dye removal. The highest dye degradation was obtained over the which acts as sacrificial donor, was prepared. Then, the appropriate amount of metal precursor to 8 obtain a nominal Pt or Au loading of 0.5 weight total (wt %) to TiO 2 was added. Final pH of the 9 suspensions was 3. Photochemical deposition of Pt or Au was then performed by illuminating the 10 suspensions with an Osram Ultra-Vitalux lamp (300W) with a sun-like radiation spectrum and a 11 main emission line in the UVA range at 365 nm, using 15 and 120 minutes of photodeposition time.
12
Light intensities on the TiO 2 surface were low intensity 0.15 W/m 2 (LI) and high intensity 140
13
W/m 2 (HI) for Pt and Au photochemical deposition, respectively.
14 After noble metal deposition, the powders were recovered by filtration and dried at 110 °C 
Chemical reduction (CR) of gold over S-TiO 2

17
Chemical reduction of gold was carried out by using sodium citrate as both reducing and stabilizing 18 agent following a procedure described in the literature [16] . Appropriate amount of HAuCl 4 for 19 nominal content of deposited Au of 0.5 wt. % with respect to TiO 2 was dissolved in distilled water
20
(1 mg HAuCl 4 /10 mL water). Then, suspensions of the different TiO 2 samples (1 g) in sodium 21 citrate solutions (0.2 g/10 mL distilled water) were added. The final suspensions were heated to 22 reflux for 1 h under N 2 atmosphere to avoid gold re-oxidation. After this time, the powders were 23 washed, filtered and dried at 110 °C overnight.
24
All the photocatalysts synthesized are enlisted in Table 1 . 
Characterization of the photocatalysts
26
All the materials were widely characterized using different techniques. Specific surface area (S BET ) 1 measurements were carried out using low-temperature N 2 adsorption in a Micromeritics ASAP 2 2010 instrument. Degasification of the samples was performed at 150
• C.
3
Gold and platinum particles morphology was evaluated by Scanning electron microscopy (SEM),
4
Field Emission SEM images were obtained in a Hitachi S-4800 microscope. Transmission Electron
5
Microscopy (TEM) was performed in a Philips CM200 instrument. In both techniques, samples 6 were dispersed in ethanol using an ultrasonicator and dropped on a carbon grid. Where di is the diameter of the ni counted particles and fi is the particle size distribution estimated 11 by:
Where ni is the number of particles of diameter di.
14
Crystalline phase composition and degree of crystallinity of the samples were estimated by X-ray 15 diffraction (XRD). XRD patterns were obtained on a Siemens D-501 diffractometer with Ni filter 16 and graphite monochromator using Cu K radiation. Anatase crystallite sizes were calculated from 17 the line broadening of the main anatase X-ray diffraction peak (1 0 1) by using the Scherrer 18 equation. Peaks were fitted by using a Voigt function.
19
Light absorption properties of the samples were studied by UV-Vis spectrophotometry. The UV- 
Photocatalytic experiments
12
Photocatalytic experiments were carried out with a Pyrex cylindrical reactor (ID = 2.5 cm) equipped and then the photocatalytic reaction was initiated under UV light for up to 180 minutes.
21
In order to compare the effect of the dye concentration and the photocatalyst dosage, different
22
values of these parameters were evaluated. Thus, the initial concentrations of patent blue were 3, 7
23
and 12 mg/L; the catalysts dosages were 3, 6, 9 and 12 g/L. In order to correlate the physicochemical properties of the catalysts with their photocatalytic 11 activity, all the materials were widely characterized by using different techniques and the results
Analytical measurements
12
obtained are summarized in Table 1 and presented below. 
N 2 physisorption
14
The specific surface areas (S BET ) of the photocatalysts analyzed are listed in Table 1 
Microscopic analysis
22
In order to obtain information about the metal deposits size and dispersion, all the samples modified 23 by gold or platinum addition were studied by SEM. (Table 1 ).
9
It was also possible to observe that the platinum particles are smaller than the gold particles in the Table 1 ; selected TEM images of the 
X-ray diffraction (XRD)
21
XRD was used to analyze the effect of the metal addition on the crystallite structure and phase In all the analyzed samples, only anatase peaks (25.3°, 38.0°, 48.0° and 54.7° 2) were detected. The anatase crystallite size in the different samples was determined from the broadening of 5 corresponding X-ray diffraction peaks by using Scherrer equation and these data are listed in Table   6 1. As it can be observed, for sulfated samples the anatase crystallite size was about 20 nm, any 7 important influence of the synthesis parameters over this value was observed. No peaks ascribed to 8 platinum or gold species were detected in the XRD patterns of the metallized samples; surely due to 9 the low metal content in the samples or due to the detection limit of this technique.
10
XRD patterns of the catalysts prepared by PD under low light intensity are not included for the sake 
UV-Vis diffuse reflectance spectra (UV-Vis DR)
15
The UV-Vis DR spectra of selected samples are shown in Figure 4 . The typical band edge of the The real gold and platinum content in the metallized samples was measured by XRF and the results 4 are enlisted in Table 1 . As it can be seen, these values are under the nominal metal content used to 5 prepare these materials (0.5 wt.%), thus indicating an incomplete reduction of the metal precursor 6 on TiO 2 surface during the synthesis process. However, it was observed that the amount of 
X-ray photoelectron spectroscopy (XPS)
13
XPS analyzes were also carried out and the binding energies (BE) of the main XPS peaks (Ti 2p 3/2
14
and O 1s) for the different samples are enlisted in The efficiency of the photocatalysts prepared and characterized was evaluated in the PB removal. In 6 order to verify that the target dye was converted in a heterogeneous photocatalytic process, blank 7 experiments were performed. In particular, tests carried out in dark conditions did not evidence any to 120 minutes, indicating that the adsorption equilibrium of dye on catalyst surface was reached.
15
After the dark period, the solution was irradiated with UV light and the reaction started to occur. As 
25
(discoloration and TOC removal of about 25% and 3%, respectively). 
Patent blue V photodegradation on Au-TiO 2 -Effect of the initial dye concentration 1
Taking into account that the best photocatalytic behavior in the PB removal was obtained on 
10
Considering that the adsorption equilibrium was reached after 120 min of run time, the behaviour of to a Langmuir adsorption isotherm (Figure 8 insert) . Thus for the evaluation of PB adsorption on 13 the active surface, the following equation was used:
Where C* is the amount of PB adsorbed on catalyst (g dye/ g cat ); C 0 * is the concentration of PB in 16 solution after dark adsorption (mg/L); b is the adsorption constant (L/mg).
17
The Langmuir isotherm can be rearranged to give: (Figure 8 ). C m is the maximum absorbable value of C*.
21
The value of b was calculated from Eq. (2) utilizing the data reported in Figure 8 and it was equal to 
Where C(t) is the PB concentration (mg/L) as a function of irradiation time; a is the e catalyst 4 dosage (g cat /L) and K is the kinetic constant (mg/(g min)).
5
The initial condition of Eq.(3) is: The effectiveness of the platinized samples in the dye photodegradation was also evaluated. Figure   8 13 shows the evolution of the discoloration of the PB as a function of run time, obtained over Pt-
9
TiO 2 photocatalysts in comparison with S-TiO 2 . Also with these catalysts, in dark conditions a 10 decrease of PB concentration was observed during the first 30 minutes of the test and it was almost 11 unchanged up to 120 minutes. After the dark period, the solution was irradiated with UV light.
12
During the irradiation time, it can be observed an increase of the dye degradation. The best 13 discoloration (85%) and dye mineralization (44%) (Figure 14) was obtained over the catalyst Pt- catalyst since the TOC removal and discoloration rate under UV irradiation are higher than that 22 obtained for Pt-TiO 2 catalyst.
23
From the results reported in Table 1 , it is possible to note that the catalyst Pt-TiO 2 (PD-HI)120min
24
has Pt particle size comprised in the range 4-6 nm, while the catalyst Au-TiO 2 (PD-HI)15min has Au 
Recyclability of Au-TiO 2 photocatalyst
Recyclability is one of the most important factors in catalysis research [27, 28] . To confirm the 
21
It was observed that the presence of Au or Pt on TiO 2 enhances the PB photodegradation and it was 22 also found that metal distribution on TiO 2 and noble metal particle size are important factors 23 influencing the dye degradation. There are significant differences in particles sizes and morphology 24 between samples prepared by PD or by CR. In fact, for the Au-TiO 2 catalyst prepared by CR, the 25 gold particles are more homogeneously distributed on TiO 2 surface than that observed in the samples prepared by PD. This causes a reduction in the value of the specific surface area for the 1 sample prepared by CR.
2
The highest dye degradation was obtained over the Au-TiO 2 catalyst prepared by PD method, using 3 high light intensity and 15 minutes of deposition time during the synthesis.
4
In this catalyst, the Au nanoparticles are heterogeneously distributed and present in lower number 5 on TiO 2 surface, allows to the dye molecule to have a best contact with the TiO 2 surface.
6
For Pt-TiO 2 catalysts the best discoloration and dye mineralization were obtained over the catalyst and that in particular the catalyst with gold showed a better efficiency of removal of PB. 
